Abstract. We study the angular dependence of the dissipation in the superconducting state of FeSe and Fe(Se 1-x Tex) through electrical transport measurements, using crystalline intergrown materials. We reveal the key role of the inclusions of the non superconducting magnetic phase Fe 1-y (Se 1-x Tex), growing into the Fe(Se 1-x Tex) pure β-phase, in the development of a correlated defect structure. The matching of both atomic structures defines the growth habit of the crystalline material as well as the correlated planar defects orientation.
I. Introduction
Within the Fe-based superconductors, the PbO type Fe chalcogenides, i.e.: the "11" compounds, have the simplest structure but a very complex electronic and magnetic behaviour [1] .
In particular, the normal and superconducting states of Fe(Se 1-x Te x ) are strongly influenced by hydrostatic and chemical pressure [2, 3] . Furthermore, due to the very rich thermodynamic phase diagram [4] , slight differences in material synthesis yield a variation in composition and the appearance of defects that significantly change the electronic and magnetic properties. The emergence of the hexagonal and magnetic (NiAs-type structure)
Fe 7 Se 8 intergrowth in the (PbO-type tetragonal) β-FeSe matrix, has been the source of confusion in earlier reports of superconducting and normal properties of these materials. A low temperature synthesis is needed to grow clean single crystals of the tetragonal β phase of these compounds [5] . Despite the above, the intergrown samples are very useful to understand the effect on the normal state electronic properties of the magnetic ordering within the non magnetic matrix, and also of the microscopic stress induced changes in the normal state properties and in the superconducting parameters in the mixed state.
On the other hand, the microscopic geometry of the intergrown phases structural coupling determines the kind of defects (geometry and distribution) that influence the vortex dynamics in the dissipationless state and the properties of the dissipation below the superconducting critical field and above the zero critical current state.
In a certain range of defect density, the potential application of these materials in wires or tapes, has to be considered. These intergrown crystals are possible emergent materials suitable for application given their high superconducting critical field and the simple way to generate correlated defects in them. This article is focused on the correlated defects in superconducting FeSe and in the Fe(Se 1-x Te x ) family.
We study the microscopic nature of these defects characterizing local and bulk transport properties.
Correlation is established by combination of a number microscopic and macroscopic experimental techniques in a wide range of applied temperatures and magnetic fields. This has allowed us to separate the intrinsic and defect induced contributions to superconductivity. Platelet-like shaped crystals were obtained. As explained below, the microstructure was characterized by room temperature X-ray (XR) diffraction and transmission electron microscopy (TEM). Additional structural studies of the powders, so as to assess a number of physical parameters (characteristic structural and magnetic transition temperatures),
II. Crystal growth and characterization
were performed by neutron thermo-diffraction (see Figure 2 . c lattice parameter of the tetragonal and hexagonal phases as a function of the content of Te. Square symbols show data from the literature [7, 8, 9, 10, 11, 12, 13, 14, 15, 16] .
tals have a mixture of structural phases because pure β-phase with a tetragonal PbO type structure would be near y=0. It is therefore expected to find inclusions of NiAs type hexagonal phase. Indeed, the XR diffraction data of our crystals show the presence of both tetragonal and hexagonal phases. Other authors have found nanoscaled hexagonal phase in a tetragonal matrix and that the shape and size of this intergrowth depends on the crystal growth speed [6] . Figure 1 shows XR diffraction patterns for Fe 1-y (Se 1-x Te x ) crystals, with the incidence plane of the XR perpendicular to the platelet's surface. We show results for samples with the lower and the higher Fe content.
For Fe 1−y Se, we identified the tetragonal PbO type structure with the space group P 4/nmm of the β phase and the hexagonal NiAs type structure of the Fe 7 Se 8 (Fe 0.875 Se) compounds. In the tetragonal phase, we found the reflections from (00l) and (l0l) planes families, while in the hexagonal phase, only the (00l) reflections were present. For the samples containing Te, we observed that those with lower Fe content have larger hexagonal phase peaks, and that the (l0l) reflections are comparatively less intense. The c axis of the tetragonal phase increases with x, in good agreement with the measurements of other authors [7, 8, 9, 11, 10, 16] . On the other hand, the c axis of the hexagonal phase, decreases with the content of Te. We also show in Figure 2 In the magnetization measurements it is expected to find characteristics of both phases present in our crystals. Figure 3 shows the temperature dependence of the magnetization with an applied magnetic field of or has a transition from FM to AF [17] . Fe 7 Se 8 has two types of vacancy superstructures called 3c and 4c.
They both have a FM behavior at high temperatures and at ∼130 K or ∼220 K they have a change in the easy axis of magnetization causing a drop in the magnetization (AF) [18] . 
III. Results and discussion

III.A. Normal state properties
The main features of the normal state resistivity in samples of the β-phase have been described in the literature [19, 20, 21, 22] . A metallic like behavior was This change is associated with a structural transition of the β-phase from tetragonal to orthorhombic [25] .
Our neutron diffraction experiments on powders (see Appendix) clearly support this fact. In Te doped samples, the resistivity increases with decreasing temperature until a certain T * at which it becomes metallic-like. This is a common feature of all of our samples, and increasing the Te content, T * decreases as shown in figure 4b ). On the other hand, T * has no dependence on the Fe content within the range studied in this work. Moreover, we have found no evidence of weak localization as reported in Ref. [21] .
The behavior above T * is unlikely to be related to the semiconducting hexagonal phase Fe 2 Te 3 because it is also seen in pure β-phase crystals, both in the literature [20] and in our crystals. It does not have a clear and unique interpretation but it may be related with the maximum in resistivity of β-FeSe at 350 K [26] . to be approximately 3 [38] .
Using the conventional one-band WHH theory [30] ,
we obtained the value of H c2⊥ (0) as a function of composition. The inset of figure 5 shows the comparison of our data with those extracted from the literature [30, 31, 32, 33, 34, 35, 36, 37] . As reported by other authors for samples with Fe excess [37] , in our Fe deficient samples it can be observed that also H c2 (0)
increases with the content of Te. In the linear response regime, the resistivity is well approximated by,
III.B.2. Broadening of ρ(T )-Activated behavior
with the activation energy
Here, T is the temperature, H is the applied magnetic field, U 0 , ρ 0 and q are constants and T c is the transition temperature at H = 0 T. According to the model [42] of an anisotropic material with point defects, the resistivity, at a fixed H and T , should have a maximum at 0 • , a minimum at 90
• and behave monotonically between these two extremes. To be specific, the angular dependence [42] should be given by, ρ(Θ, H, T ) = ρ(Hε Θ , T ), where vortex dynamics. Furthermore, the curve at Θ = 40
• crosses the curve at Θ = 90
• and the difference increases with decreasing temperature. This is another indication that it is related to vortex movement. The presence of correlated defects has more influence in the resistivity as the temperature decreases due to the reduction of vortex mobility.
As presented in the previous section, the dissipation is well described by an Arrhenius law. Te doped samples, we focus on the crystal structure of our samples.
III.B.4. Microstructural angular investigation.
In the XR diffraction patterns we identified the Fe 1-y Se (00l) and (l0l) families and the (00l) one for the a nanoscale intergrowth of both phases and its shape and size depends on the crystal growth parameters [6] .
In the hexagonal phase, the vacancies are ordered as a superstructure. Due to the crystal growth procedure, the most likely superstructure is the one called 3c, in which the lattice parameter of the superstructure is 3 times that of the normal cell [44] . But also the 4c structure could be present, as we show from neutron diffraction data in the Appendix. In either case there is a dense plane of vacancies at an angle ∼ 32 figure   10 . Therefore, the ab-plane of the tetragonal phase is Figure 10 . Drawing of the crystal structure of our samples. Unit cell of the tetragonal phase (Lef t) with the different orientations of the c axis and the unit cell of the hexagonal phase (Right) for the two possible superstructures 3c and 4c. For the hexagonal phase we only show the Fe atoms in black and the vacancies in white.
close to the most dense plane of vacancies of the 3c or 4c structure of the hexagonal Fe 7 Se 8 phase. This could be acting as seed for both β phase orientations during growth and it is a possible correlated defect.
Additionally, when the magnetic field is applied in the direction Θ = ±34(1)
• , the vortices are crossing the ab-plane in their movement. Using the angular dependence of the dissipation described above, we know that the resistivity has a minimum when the vortices cross the ab-plane.
In figure 11a ) we show an XR diffraction pattern, fixing the diffraction condition at χ=55.62
The sketch in the inset of figure 11b) shows the χ and φ angles geometry. In this condition we see that the ab plane and the (101) peak of the tetragonal phase are parallel to the (101) peak of the hexagonal phase. This is consistent with the dense plane of vacancies being the interface with the tetragonal phase in spite of the mismatch of 2 • between the planes of both phases.
Microscopically, this boundary matching both phases should have just one direction and the minima in the dissipation as a function of the angle Θ should not be symmetric with respect to the Θ=0 • direction.
We have found this situation only in very small samples with a platelet surface of 2500 µm 2 or less. For Transmission electron microscopy image of the a Fe 0.9 Se crystal from a cross-section view. The diffraction patterns corresponding to the two observed orientations of the beta-phase have in common the 101 spot . The sketch indicates the stereographic projection of the tetragonal structure centered on the normal of the (101) Although the presence of the hexagonal phase was not observed at the interface of these two tetragonal domains, the angle between them is consistent with six-fold symmetry depicted in large samples as that of figure 11b ).
As a final remark, we want to go back to the very different scenario observed in the angular dependence of the resistivity on the samples with Te in figure   7 . The absence of the extra resistivity minimum at Θ = ±34(1)
• indicates that there are no correlated defect in this case. As seen in figure 3 , the magnetic order, that is related with the vacancy order, is rapidly diluted with the inclusion of Te. Now there is no dense plane of vacancies in the hexagonal phase and therefore there is not a clear interface between the two phases. This has as a consequence that the angular dependences of the resistivity are similar of those of only point defects.
IV. Conclusion
We have presented the angular dependence of the dissipation in the superconducting state of FeSe and Fe(Se 1-x Te x ) using crystalline materials with 
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We thank F. Gennari for help in sample preparation. inset of figure A1 . temperature. This is consistent with a mixture of 3c and 4c superstructures [17] . The magnetization of the crystalline samples, figure 3a) in Section II shows that it probably has the same mixture of superstructures.
From the analysis of the neutron diffraction data, we also obtained the temperature dependence of the lattice parameters of the β-phase for the two polycrystals under study, see figure A2 . In both cases, there is a structural transition at ∼90 K from tetragonal P 4/nmm to orthorhombic Cmma.
There is a good agreement between the lattice parameters obtained with neutron diffraction at the G4.1 instrument, the 3T2 instrument and with XR measurements. On the other hand, there is a small difference between the lattice parameters obtained 
